The infrared spectromicroscopy is a quite recent technique rapidly developing thanks to the availability of new instruments and new brilliant synchrotron radiation sources in different areas and in particular to biomedical researches. In order to achieve a diffraction limited spatial resolution in tissue samples, we performed experiments at SINBAD, the synchrotron infrared beamline of the Laboratori Nazionali di Frascati. We characterized the chemical composition of prostate tissue samples taken from patients affected by prostate cancer disease. Different sizes of the pinholes were considered for the measurements. In the case of prostate tissue sections the results show the possibility to determine the intensity ratio of the CH2 and CH3 bands set at 2930 cm −1 and 2960 cm −1 , respectively. Experiments were also performed with a pinhole of 5 µm of diameter and the differences in both histological and chemical compositions of such samples were determined.
Introduction
The microscale analysis on biomedical samples became very popular since it can give the information about local chemical structure and enables the analysis of chemical compounds. The use of synchrotron radiation based techniques in such analysis gives to researcher a possibility of obtaining information with good signal-to-noise (S/N) ratio due to the high brilliance of synchrotron radiation. Application of Fourier transform infrared spectroscopy (FTIR) may investigate molecular bonds present in a sample and synchrotron radiation FTIR (SR-FTIR) µ-spectroscopy is the first step to identify structures at subcellular level [1] [2] [3] [4] [5] [6] [7] [8] .
Molecular structure and function are strongly correlated. This aspect is particularly relevant in the case of proteins, which play important roles in cells biochemistry. Changes of structure may be easily detected in an IR spectrum and a cellular molecular marker may in fact be used to address a pathological status of tissue. Furthermore, comparison of spectra between healthy and cancerous tissue may improve understanding of pathogenesis of morbid process.
Knowledge about biochemistry of cells can be achieved only with an analysis at the microlevel, therefore the au- * corresponding author; e-mail: Wojciech.Kwiatek@ifj.edu.pl thors made an effort to identify the smallest illumination, e.g. a microbeam size capable to collect spectral data with a S/N ratio in order to identify characteristic IR bands and to follow the behavior of specific band intensity ratios in different samples.
Conventional FTIR spectroscopical techniques have been already applied to biomedical samples and it is now well established that typical absorption bands observed in these types of samples are:
• the amide I band, detected around 1650 cm −1 is given by the contribution of the ν(C=O) stretching vibrations of protein amide bonds;
• the amide II band, detected around 1549 cm −1 is given by the combination of the δ(N-H) bending and the ν(C-N) stretching vibrations of the amide bonds;
• the ν(C=O) stretching of lipids at about 1740 cm −1 ;
• the asymmetric ν as (PO − 2 ) stretching of nucleic acids and phospholipids near 1225 cm −1 [9] .
In our case we paid special attention to the bands in the wave number region from 4000 to 2000 cm −1 . In this range one may also observe bands related to lipid and protein bonds such as ν as (CH 2 and CH 3 ) and ν s (CH 2 and CH 3 ), a choice imposed by the sample preparation procedure. In this region the substrate (Mylar foil) on which the tissue sections were placed has no intense characteristic bands [9, 10] . There are only very weak bands which have no influence on the data analysis.
Cancer is certainly one of the major civilization diseases since the last century and nowadays among the different cancer pathologies, the prostate cancer is one of the most common neoplasm man pathologies. Also for this reason we decided to start a FTIR µ-spectroscopy research on prostate tissue samples.
Materials and methods

Sample preparation
Samples were obtained by patients affected by prostate cancer diseases and by patients being diagnosed as benign prostate hyperplasia (BPH). Tissues were cut into sections of a thickness of 15 µm using a cryomicrotome. The same sections were used for both FTIR analysis and histopathological examination. For FTIR analysis sections were deposited on 2.5 µm thick Mylar foils while for histopathological examination sections were mounted on a microscopic glass and stained with hematoxylin and eosin. For staining the adjacent sections were used [11] . The choice of Mylar as the support instead of other typical IR transmitting material such as KBr follows the use of the same substrate for trace elemental analysis and X-ray absorption near-edge structure (XANES) experiments performed on the same sections at the same spots of the following FTIR experiments [12] [13] [14] . Actually, the FTIR spectrum of a Mylar foil contains very weak bands in 4000-2000 cm −1 region [6] . These contributions may be neglected and IR spectral analysis may be performed in this wave number region.
Experiment
Experiments were performed in air with a FTIR system (BRUKER Equinox 55 spectrometer equipped with an IRscope II microscope) available at the Laboratori Nazionali di Frascati of the INFN (Italy) at the Synchrotron INfrared Beamline At DAΦNE (SINBAD) beam line [15] in parasitic condition. Spectra taken by SR-FTIR system were measured with different redundant aperture from 250 µm × 250 µm down to 20 µm × 20 µm with 8 cm −1 resolution in transmission mode in the frequency region from 4000 cm −1 to 700 cm −1 . In addition, some spectra were measured with different circular pinhole placed on the sample. Each spectrum was collected within about 20 min, e.g., the time between two consecutive injections, a time sufficient to collect about 10 3 scans per point. The BRUKER IRscope II microscope was equipped with a mercury cadmium telluride (MCT) detector of Infrared Labs of 250 µm size and an xy-stage with a micrometer resolution. A video camera enabled to store optical images of the sample investigated area. Special care was taken to perform experiments at subcellular spatial resolution.
Results
Trying to achieve resolution at subcellular level, we performed at the SINBAD beam line three independent experiments. Acquisitions were performed on specific sample areas where earlier histopathological examination using a stained adjacent section of the same sample addressed interesting issues. We first started experiments on a cancerous prostate tissue focusing in the spectra on IR bands in the region from 3600 to 2800 cm −1 . For each point we collected three spectra of 50 scans each. To obtain more reliable data we averaged the three spectra and the same procedure was applied to the reference point. Absorbance spectra vs. wave number are compared in Fig. 1 for different apertures larger than the diffraction limit (i.e., 3-6 µm in the range 2000-4000 cm −1 ) trying to discriminate molecular information from areas comparable or larger than the cellular size in the same points of a cancerous tissue sample. As one can see, two main peaks occur at about 3300 cm −1 and 2900 cm −1 . Each spectrum was normalized first for a base line in the region from 3600 cm −1 to 2700 cm −1 , then spectra were also normalized to the number of incident photons. Additional relevant chemical bands associated to the CH 2 and CH 3 stretching vibrations were detected at 2930 cm −1 and 2960 cm −1 , respectively. The behavior presented on a separate graph in Fig. 2 shows that the CH 2 to CH 3 bands intensity ratio is almost constant or slightly increases following the decrease in the aperture size. Values are greater than 1.32 ± 0.12 except for the last point measured with the aperture of 20 µm × 20 µm, probably because it is the result of a collection from a limited tissue area containing a very few cancerous cells. Differences can be certainly ascribed to more or less homogeneous distribution of healthy and unhealthy cells in the different surface probed. From full aperture to 20 µm × 20 µm the area decreases by a factor more than 150.
A second set of experiments was performed on a hyperplastic prostate tissue trying to resolve different tissue Fig. 2 . The CH 2 /CH 3 intensity ratio of the spectra showed in Fig. 1 with different aperture sizes. regions with the available microscope experimental setup. In these experiments we sum six spectra, each spectrum was collected with 1000 scans, and the final spectrum was the result of an average of them. The six spectra were collected at the same sample point at the spectral resolution of 8 cm −1 . Because the smallest aperture available was 20 µm×20 µm we used a pinhole of 5 µm in diameter and placed it on the surface of the sample. The average SR-FTIR spectrum obtained in these conditions is showed in Fig. 3 . Also in this case in the diffraction limit regime, a good intensity ratio between the CH 2 and the CH 3 bands is obtained and indicates that these experiments are feasible and represent a very promising opportunity. Other characteristic bands are still detectable in the spectrum collected with a diffraction limited pinhole however, the S/N ratio has to be improved. In the third set of experiments a large area of a hyperplastic prostate tissue was examined. The analysis was performed with a linear scan of 600 µm at steps of 25 µm and a total of 25 different points were measured. Spectra were collected at 8 cm −1 of resolution with a microscope aperture of 20 µm × 20 µm and a total number of 100 scans. Figure 4 shows the photograph of the hyperplastic tissue sample with investigated line marked with dots which had been started on an epithelium area, crossed a gland and the stroma to end in a second gland. The histological complexity is characteristic of the hyperplastic prostate tissue structures. Therefore a SR-FTIR analysis at high spatial resolution, e.g., with a linear scan with a small step could give much more information about the local structure than any conventional FTIR bulk analysis. Normalized FTIR absorbance spectra are compared in Fig. 5 vs. wavelength while the CH 2 /CH 3 intensity ratio is shown in Fig. 6 . FTIR spectra change during the scan and in particular the intensity ratio between CH 2 and CH 3 bands changes crossing different tissue components (see points between 15 and 19 vs. other points). The CH 2 /CH 3 ratio covers the range from 1.25 ± 0.15 to 1.65 ± 0.15 and it is in agreement with previous determination [10] .
Discussion
Based on the experiments performed one can see that the application of the SR-FTIR spectromicroscopy allowed to perform experiments with different apertures from fully opened aperture -250 µm × 250 µm (in this setup) down to 20 µm × 20 µm and with small pinholes. In our configuration the CH 2 /CH 3 intensity ratio could be detected with a high S/N ratio. This combination of small aperture and pinhole made possible to achieve a subcellular spatial resolution. The use of 5 µm pinhole (which is below 10 µm) allowed to achieve information from the area smaller than diffraction limit enabling to discriminate molecular states on the cell level.
FTIR spectra of tissues samples in different conditions: healthy, hyperplastic and cancerous stages, reveal differences that address the occurrence of chemical compositions changes in the examined samples. Moreover, the data showed the possibility of a reliable determination of the intensity ratio between the CH 2 and the CH 3 bands in the region 3000-2800 cm −1 . In our specific case three different tissue sections can be recognized and characterized by a specific CH 2 /CH 3 value similar as previously found [10] .
Looking at Fig. 6 , the value of the ratio in the first region is significantly higher if compared to the following two. In second region the ratio is just slightly higher than one, probably addressing the characteristic value of healthy tissue. Again, it is in good agreement with previous observations [10] . In the last regions, spectra address values for the CH 2 /CH 3 ratio larger than in the second but smaller than in the first region. We assign the occurrence of this difference to the different contents between the first and the second gland. This new opportunity, such as SR based microscopic FTIR spectroscopy is very important and stimulates new accurate FTIR experiments and in particular, a more accurate analysis of biological samples.
